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ONE - POT SYNTHESIS OF PYRIDINES, 
THIENOPYRIDINES, PYRROLOTHIENO- 

UNDER PHASE-TRANSFER CATALYSIS 
PYRIDINES AND (1,8)NAPHTHYRIDINES 

CONDITIONS 

A.M. EL-SAYED* 

Chemistry Department, Faculty of Science, South Valley University, Sohag, Egypt 

(Received August 13, 1999; Infinal form December 31, 1999) 

A new series of pyridines 2.+ ( 1  ,I)naphthyridines 3s,b and diazepines 4,, were synthesized 
in one-pot reaction under phase-transfer catalysis conditions (PTC) starting with cyanoketene 
S,S-acetals 1 and cyanothioacetamide. cyanoacetarnide or cyanoacetohydrazide in different 
molar ratios. The reaction of 2, with halo compounds in equirnolar ratio gave thienopyridines 
Sa-,+ while on using 1:2 molar ratio afforded pyrrolothienopyridines 6.4. Also, bis 
thieno( 1 ,I)naphthyridines 7,4, bis-pyrrolo ( I  ,I)naphthyridine 9 and bis( 1.6)naphthyridines 
lo,, were obtained by treating ( I  ,I)naphthyridine Ja with the suitable reagents. 

Keywords: Naphthyridines; thienopyridines; pyrrolothienopyridines bis-thienonaphthyrid- 
ines; F'TC 

IN T R 0 DUCT I 0  N 

The synthesis of cyanoketene[ 11 or ketoketene S,S-acetal[2] as well as het- 
erocyclic ketene N,N-[3-91 or N,S-acetals[S, 10-141 has attracted consid- 
erable attention since these acetals are used as a versatile starting materials 
for the synthesis of a wide variety of fused heterocycles. As an extention 
of our recent studies [ 15-17] on the application of Phase-Transfer Cataly- 
sis conditions (FTC) in heterocyclic synthesis we report here the synthesis 
of some new polyfused heterocyclic systems containing pyridine or bio- 
logically active 1 &naphthyridine[ 18,191 moiety starting with cyanoket- 
ene S,S-acetals[l]. 

* Corresponding Author. 

29 

D
ow

nl
oa

de
d 

by
 [

M
cG

ill
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
4:

17
 0

5 
A

ug
us

t 2
01

2 



30 A.M. EL-SAYED 

RESULTS AND DISCUSSION 

Dimethylthiomethylene malononitrile 1 was obtained via reaction of 
malononitrile and CS2 with two equivalents of methyl iodide in one pot 
reaction using PTC conditions [NaOH / dioxan / tetrabutylammonium bro- 
mide TBAB] in 97% yield [20]. 

Compound 1 was allowed to react with cyanothioacetamide or cyanoa- 
cetamide in equimolar ratio under PTC conditions [K2CO3 / dioxan / 
TBAB] to give the corresponding pyridines 2a,b, while the reaction of 
compound 1 with the same reagents in 1:2 molar ratio using the same PTC 
conditions, the corresponding 1 ,8-naphthyridines 3a,b were obtained. The 
structures of the products were established by their IR, 'H-NMR, MS 
spectral data (cf. Table I). The formation of pyridines 2a,b or 1,s-naphthy- 
ridines 3a,b was suggested to proceed via firstly, the elimination of one or 
two molecules of methyl mercaptan through the reaction of one or two 
molecules of the amide with one molecule of the substrate, then the cycli- 
zation occurs in sequent steps. 
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NAPHTHY RIDINES 35 

The formation sequence of 3 was confirmed by unsuccessful trial to pre- 
pare the compound 3, from 2, by its reaction with another mole of cyan- 
othioacetamide under the same experimental conditions. 

Compound 1 was treated with cyanoacetohydrazide in 1 : 1 or 1 :2 molar 
ratio under PTC conditions to get the corresponding 1,2-diazepine or bis 
1,2-diazepine 4,,, derivatives respectively in good yields. The IR and 
'H-NMR spectra of the products are in agreement with the proposed struc- 
tures (c.f. Table I).  , 

NC 

a5s 

I 

4r -i 

4b 

4-Amino-3,5-dicyano-6-methylmercapto-2-thione 2, was allowed to 
react with some reactive halo compounds, namely ethyl chloroacetate, 
chloroacetonitrile, phenacyl bromide or chloroacetamide in 1 : 1 or 1 :2 
molar ratio under PTC conditions [K,CO,/ dioxan / TBAB] at different 
temperatures and periods of time to give the corresponding thieno(2,3-b) 
pyridines 5a.d or pyrrolo(2,3-d)thieno(2,3-b)pyridines 6,.,, respectively. 
IR and 'H-NMR spectra are consistent with their structures. (c.f. Table I). 
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36 A.M. EL-SAYED 

Using the PTC technique, compound 3, was investigated as a starting 
material for the synthesis of polyfused heterocyclic systems. Thus, when 
4,5-diamino-3,6-dicyano-l,8-naphthyridine-2,7-dithiol 3, was treated 
with ethyl chloroacetate, chloroacetonitrile, phenacyl bromide or chloroa- 
cetamide in 1:2 molar ratio in K2C03/ dioxan / in presence of tetrabuty- 
lammonium bromide catalyst, the corresponding bis(3-amino-2- 
substituted thieno)(2,3-b:2’,3’-b’)4,5-diamino- 1,8-naphthyridines 7,, 
were obtained. 

Chlorination of 4,5-diamino-3,6-dicyano-2,7-dihydroxy- 1 ,g-naphthyrid- 
ine 3b using a mixture of POC13/PC15 afforded the corresponding 
4,5-diamino-2,7-dichloro-3,6-dicyano- 1,8-naphthyridine 8. 

8 

The reaction of compound 8 with ethyl mercaptoacetate or ethyl glyci- 
nate under PTC experimental conditions afforded compound 7, or 
bis(3-amino-2-carbethoxypyrrolo)(2,3-b:2’,3’-b’)4,5-diamino- 1,8-naph- 
thyridine 9, respectively. 

The reaction of compound 3, with active nitriles, namely malononitrile, 
phenylacetonitrile or ethyl cyanoacetate in 1 :2 molar ratio in refluxing 
dimethyl formamide containing triethylamine gave the corresponding bis 
(2,4-diamino-3-substituted-5-thiol- 1,6-naphthyridines) (c.f. Table I). 
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38 A.M. EL-SAYED 

EXPERIMENTAL 

The MS were recorded on a Micromass 7070E spectrometer operating at 
70eV, using direct inlet. 

Synthesis of pyridines 2a,b9 l&naphthyridines 3a,b 
and 1,Zdiazepines 4a.b 

General procedure 
To a mixture of anhydrous potassium carbonate (3g), dry dioxan (40 ml), 
compound 1 (0.005 mol) and catalytic amount of tetrabutylammonium 
bromide (TBAB), was added 0.005 mole or 0.01 mole of cyanothioaceta- 
mide, cyanoacetamide or cyanoacetohydrazide. The reaction mixture was 
stirred over different periods of time at the appropriate temperatures (cf. 
Table I), till completion of the reaction (TLC). The reaction mixture was 
filtered off. The solid potassium carbonate was dissolved in distilled water 
(50 ml), filtered and the filtrate was acidified with acetic acid or hydro- 
chloric acid (in case of compounds 2, and 3,). The separated solid was 
collected by filtration and crystallized from the proper solvent (cf. 
Table I). 

M.S: Compound 3,: m/e (relative intensity) %: 274 (l.Ol), 237 (2.53), 
222 (loo), 205 (13.85), 189 (25.76), 176 (13.04). 

M.S: Compound 3b: m/e (relative intensity) %: 242 (1.27), 207 (13.82), 
206 (loo), 189 (41.52), 178 (11.44), 161 (14.64). 

Synthesis of compounds 5a49 6a-d and 7a.d 

General procedure 
0.005 Mole of compounds 2, or 3, was dissolved or suspended in 50 ml of 
dioxan and treated with 3 grams of anhydrous potassium carbonate, 0.005 
mole or 0.01 mole of ethyl chloroacetate, chloroacetonitrile, phenacyl bro- 
mide or chloroacetamide and a catalytic amount of TBAB. The reaction mix- 
ture was stirred over periods of time and at different temperatures (Table I). 
At the end of the reaction, TLC, the organic layer was separated and evapo- 
rated in vuccuo. The residue was washed with light petroleum ether, col- 
lected by filtration and crystallized from the proper solvent (cf. Table I). 
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NAPHTHY RIDINES 39 

Synthesis of 4,5-diamino-2,7-dichloro-3,6-dicyano-1,8- 
naphthyridine 8 

Compound 3 b  (0.005 mol) was refluxed with an excess amount of phos- 
phorousoxychloride (20 ml) containing phosphorous pentachloride (2.5 g) 
for 5 hrs. The cooled reaction mixture was slowly added with stirring to an 
ice-cooled water whereby the product was separated out, and crystallized 
from DMSO/ethanol mixture. 

Synthesis of bis(3-amino-2-carbethoxypyrrolo)(2,3-b:2’,3’b) 
4,5-diarnino-l,S-naphthyridine 9 

The preceding phase transfer technique was used starting with compound 
8 (0.002 mol) and ethyl glycinate hydrochloride (0.004 mol) in 30ml 
dioxan. The product 9 was separated from dioxan layer and crystallized 
from DMSO/ethanol (cf. Table I). 

Synthesis of compounds lo,-, 

General procedure 
A mixture of compound 3, (0.002 mol) and (0.004 mol) of active nitriles, 
e.g. malononitrile, phenyl acetonitrile or ethyl cyanoacetate in dimethyl 
formamide (20 ml) containing triethylamine (0.5 ml) was refluxed for 5- 
11  hrs. The solvent was evaporated in V ~ C C U O  and the residue was diluted 
with distilled water and filtered. The separated solid was crystallized from 
the proper solvent to give compound lo,, whereby the washing solution 
acidified with acetic acid, and the precipitant collected by filtration to give 
compound lo,., then crystallized from the suitable solvent (cf. Table I).  
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